In this study, an aerobic submerged fixed bed reactor's (ASFBR) population dynamics has been studied in order to know its behavior in different conditions of organic load and oxygen concentration. The reactor was fed with synthetic wastewater. Tested variables and applied values were: 1) Variations in organic load (OL): 16-65 g COD/m 2 /d. 2) Variations in influent's COD concentration: 40-400 g COD/m 3 . 3) Variations in specific air flow (SAF): 15-127 m 3 air/kgCOD. Biofilm samples were taken at the top of the reactor. This study showed important variations in the composition and abundance of the microfauna depending on the experimental conditions. Variations in influent concentration had no significant effect on the abundance of the studied groups. However, differences depending on organic load and aeration conditions were observed. Organic load influenced every group studied but with different results. Sessile cilliates, metazoa and flagellates were abundant in low load, while crawling ones were in high load. Aeration intensity influenced most of the groups except Peranema and Vorticella spp. Despite obtaining good yields, not many protozoa, typical of biofilms under conventional processes, were found. Thus, a great variety of microorganisms, such as many classes of sessile and crawling cilliates, were not found. Important nitrifying activity was obtained at 20 cm depth in a bed. From this point, the heterotrophic and nitrifying populations exist but are inactive.
Introduction
The continuous development of the new biofilm processes and activated sludge processes requires the analysis of the microorganisms' populations and their relationships in these processes (Fried et al., 2000) . These are widely studied (Kinner and Curds, 1987; Hull et al., 1991; Madoni, 1994; Bécares, 1994; Pérez-Uz et al., 1998) in conventional activated sludge and biofilm processes (RBC and percolating filters). The study of microbial activity in these novel processes is equally important, especially for the capacity to eliminate nutrients (nitrogen and phosphorus) (Fernández-Polanco et al., 1996) .
Methods Reactor
A laboratory scale plant (BLAS II ® ), designed and built by Santamaría and Tejero (1996) from the Equipo Biopelícula de la Universidad de Cantabria (Biofilm Team of the University of Cantabria), was used. It consists of an aerobic submerged fixed bed reactor (ASFBR), laminar settling basin, air supply system and wastewater feeding system ( Figure 1) . The walls and structures of the reactor are made of methacrylate. The filling material is mainly (BLAS II ® ) polyethylene (PE) and is grouped in two blocks. The reactor was operated at room temperature. The water that fed the system was synthetic wastewater made up of glucose (Amieva, 1993) increasing the phosphorus salts.
Sampling
Throughout the experiment, the samples were taken from the upper part of the reactor, in the first net. When the experimental period was over, biofilm samples were taken in different nets of the reactor in order to study the distribution of the microorganisms and the activity of the biofilm at different depths in the reactor.
Monitoring of protozoa and metazoa
Initially, Fuchs-Rosenthal chambers (Fajardo, 1991) were employed for counting microorganisms and later, three 40 µL aliquots were taken using the Madoni technique (1984) . Grouping of the microorganisms was initially carried out in large groups. Afterwards, in some cases they could be classified into genus groups (Table 1) .
Activity tests
The oxygen uptake rate (OUR) was calculated, due to the activity of heterotrophic and nitrifying microorganisms. For the same initial concentrations of dissolved oxygen (DO), 5 ppm of nitrites, 10 ppm of ammonia and 30 ppm of glucose, were added successively. The results are expressed as: mg O consumed /mg VSS/d.
Results and discussion
The length of this experiment was a bit longer than a year. It was divided into 22 experiments in which the variables applied were: 1) organic load applied (OLA):16-65 g COD/m 2 /d. 2) influent's COD concentration: 40-400 g COD/m 3 . 3) specific air flow (SAF): 15-127 m 3 air/kgCOD. This study showed important variations in the composition and abundance of the microfauna depending on the experimental conditions (Table 1) . Variations in influent concentration had no significant effect on the abundance of the studied groups. However, differences depending on organic load and aeration conditions were observed.
Organic load influenced every studied group but with different results. Sessile cilliates, metazoa and flagellates were abundant in low load, while crawling cilliate were in high load.
The swimming cilliates are the only abundant group for the three conditions. The fact that the flagellates are less abundant when the OLA is greater is contrary to that which was once believed (Kinner and Curds, 1987; Hull et al., 1991; Madoni, 1994) . This could be due to the fact that under these conditions of OLA 65g COD/m 2 /d, greater values of DO are given: 6 and 7 ppm. Also noteworthy is the supremacy of the swimmers in all of the OLA, taking into account that greater yields of depuration are obtained (>90%) for the lowest OLA. Differents authors (Madoni, 1994; Pérez-Uz et al., 1998) explain that for these conditions the main populations are crawling cilliates and some sessile cilliates (Opercularia articulata, Epistilys spp., Carchesium spp., Zoothamnium sp.) which are not found here. This may be due to the fact that the BLAS II ® reactor works just like the first stage of a RBC and in spite of the recirculation to which the process is submitted, the first nets suffer an overload (Tejero, (Suárez, 1996) 2001). This explains the great abundance of Cinetochilum that according to the literature can be found in the first stage of the RBC (Pérez-Uz et al., 1998) . The presence of metazoa is observed when OLA is low, as found in the bibliography (Calaway, 1968; Hull et al., 1991) .
Aeration intensity influenced most of the groups, except Peranema and Vorticella spp. Although, in reality, the OLA could be influencing them. This could explain the behavior of crawling cilliates and metazoa, which decrease in abundance for SAF 15 and 31 m 3 air/kgCOD, when the OLA 65 g COD/ m 2 /d is applied. Upon analyzing the distribution of the microorganisms at different heights of the reactor, a compartmentalization was observed at the end of the experiment in which the two blocks seemed independent. Such is the case of the flagellates, swimming ciliates and Pleurostomatida. The abundance of nematodes and rotifers does not vary much with depth. Cyclidium is the only microorganism that is only found in one of the two blocks: in the upper one.
Respirometric activity
Parallel to finding microorganisms throughout the reactor, the heterotrophic and nitrifying activity was measured at the same points, except in the last point, due to the lack of biofilm ( Figure 2) . It was observed that for the reactor's working conditions at this moment, the nitrifying activity becomes important at a bed depth of 20 cm which obtains elevated activity percentages: 35-51%, compared to 17% obtained by Valenzuela (1993) who worked with a RBSP. From 40 to 70 cm COD and NH 4 + concentrations don't change (13-12 g COD/m 2 /d and 0.35-0.37 ppm respectively) so, although heterotrophic and nitrifying pop- ulations exist ( Figure 2 ) they are inactive in the reactor. Fernández-Polanco et al. (1996) , working with a nitrifying UBAF, observed how the initial autotrophic population located at the bottom of the reactor was displaced to the upper part upon increasing the abundant DQO concentration and upon aiding the development of heterotrophic populations.
Conclusions
Variations in influent concentration had no significant effect on the abundance of the studied groups. However, differences depending on organic load and aeration conditions were observed. Organic load influenced every studied group but with different results. Sessile cilliates, metazoa and flagellates were abundant in low load, while crawling ones were in high load. Aeration intensity influenced most of the groups except Peranema and Vorticella spp. Despite obtaining good yields, not many protozoa, typical of biofilms, were found under conventional processes. This may be due to the fact that the BLASII ® is similar to an overloaded biofilm process, as happens during the first stage of a RBC. A great variety of microorganisms, such as many classes of crawling and sessile cilliates, is not found. This may be due to the use of synthetic wastewater that does not introduce new protozoa. An important nitrifying activity is obtained at a bed depth of 20 cm. From this point, the heterotrophic and nitrifying populations exist, but are inactive. 
